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changes	 in	 artistic	 style	 of	 those	 already	 producing	 art	 during	 the	 progression	 of	 the	
condition[5,6,7].	 It	 has	 also	 been	 suggested	 that	 different	 dementias	 may	 confer	 distinct	





Furthermore,	 evidence	 from	 psychological	 and	 affective	 reports	 suggests	 that	 arts	
interventions	can	be	beneficial	to	the	mental	wellbeing	of	people	with	dementia,	as	well	as	
create	positive	personal	experiences[10,11,12,13].	Relatedly,	 it	has	been	 suggested	 that	music	
may	 evoke	 complex	 emotional	 states	 via	 the	 entrainment	 of	 areas	 of	 the	 brain	 outside	
emotional	systems,	and	that	activation	and	enhancement	of	attention	and	memory	related	
networks	by	music	may	contribute	to	a	reduction	in	confusion[14].		































Physiological	 responses	 are	 important	 as	 they	 can	 be	 indicators	 of	 the	 effects	 of	 an	
intervention	when	a	subject	is	less	able	to	communicate	those	through	speech.	This	could	be	
due	to	the	progression	of	a	dementia,	or	due	to	a	specific	type	of	dementia,	such	as	SD	or	
PNFA	 (see	 Table	 2	 for	 a	 definition	 of	 terms),	 which	 makes	 verbal	 communication	 more	
difficult[16].	However,	 when	 a	method	 of	 self-report	 is	 possible	 or	 affective	 data	 are	 also	






The	 search	was	 conducted	 using	 PubMed	 and	Web	 of	 Knowledge	with	 the	 search	 terms	
((Alzheimer’s	OR	dementia)	AND	(music	therapy	OR	arts	therapy)),	followed	by	((Alzheimer’s	







analytic	 study	 published	 in	 a	 peer-reviewed	 journal	 involving	 PWD	as	 subjects	 that	 had	 a	
quantitative	or	mixed-methods	design	with	a	physiological	outcome	measure.	The	first	and	












































































































































































































































































































Affect	 and	mental	 wellbeing	 are	 associated	with	 differing	 levels	 of	 certain	 biomarkers.	 A	
meta-analysis	 found	 that	 clinical	 depression	 is	 associated	 with	 higher	 levels	 of	 pro-
inflammatory	cytokines,	and	in	particular	that	levels	of	IL-6	and	TNFα	tend	to	be	significantly	
higher	 in	depressed	patients	 relative	 to	controls[18].	Clinical	anxiety	 is	also	associated	with	
higher	levels	of	IL-6,	among	other	pro-inflammatory	cytokines[19],	and	people	with	a	greater	
self-reported	 trait	 negative	 affect	 tend	 to	 show	higher	 levels	 of	 TNFα[20].	 It	 has	 also	been	
reported	that	a	large	number	of	pro-inflammatory	cytokines	which	are	significantly	increased	























when	 measuring	 physiological	 responses	 to	 emotional	 situations,	 it	 was	 found	 that	










When	 considering	 endocrinological	 measurements,	 it	 has	 been	 shown	 that	 the	 popular	
method	of	immunoassaying	may	give	an	overestimate	of	the	levels	of	some	steroid	hormones	
to	 quite	 a	 large	 degree[33].	 A	 method	 using	 a	 chromatography-based	 assay	 has	 been	







majority	 of	 papers	 chosen	 look	 at	 such	 responses	 in	 healthy	 controls,	 with	 the	 aim	 of	
identifying	what	kinds	of	responses	may	be	typical	when	participating	in	artistic	or	creative	
activities.	To	this	end,	studies	which	look	at	such	responses	in	other	complex	health	conditions	









those	 listening	 to	 high-tempo	music[36].	 Sandstrom	 and	 Russo[37]	 found	 that,	 following	 an	










Accomplished	 musical	 performance	 is	 known	 to	 induce	 a	 state	 of	 ‘flow’[41]	 in	 those	
performing[42].	This	rewarding	psychological	state	comes	about	as	a	result	of	high	attention	
and	positive	affect,	and	has	a	number	of	physiological	correlates.	It	has	been	shown	that	flow	
during	 piano	 playing	 was	 associated	 with	 increased	 total	 HRV,	 low	 frequency	 to	 high	
frequency	band	ratio	(LF/HF)	and	respiratory	depth,	as	well	as	decreased	heart	period	and	
zygomaticus	 major	 muscle	 activity[43].	 Increased	 LF/HF	 ratio	 is	 often	 taken	 to	 indicate	
increased	sympathetic	tone[44].	Musical	performance	can	also	increase	stress	levels,	and	it	has	

















context	 of	 the	 performance.	 It	was	 found	 that	 singing	 in	 a	 high	 stress	 condition	 (with	 an	
audience)	 led	 to	 an	 increase	 in	 cortisol	 and	 cortisone,	 whereas	 singing	 in	 a	 low	 stress	
condition	led	to	a	decrease	in	both,	although	both	conditions	were	associated	with	a	decrease	












population	when	 considering	 responses	 to	 emotionally	 salient	 stimuli.	 Additionally,	 there	
seems	 to	 be	 some	dissociation	 in	 this	 response	 between	 patients	with	 different	 forms	 of	




than	those	which	fall	 in	 intensity	 (withdrawing	tones),	and	 looming	tones	produce	greater	





were	 rated	 as	 more	 alerting	 on	 average.	 They	 found	 that	 for	 dementia	 patients,	 this	
difference	remained	for	patients	with	SD,	but	was	lost	for	patients	with	AD	and	PNFA.	Further	
differentiation	in	these	kinds	of	responses	was	seen	between	dementia	patients	in	response	
to	 identifiable	 emotional	 sounds,	 in	 that	 PNFA	 and	 SD	 patients	 displayed	 a	 correlation	




Performance	on	 this	 task	was	 inversely	 correlated	with	 the	 increase	 in	pupil	dilation	 seen	












frontotemporal	 forms	 of	 dementia	 showed	 altered	 physiological	 responses	 to	 affective	
images	of	varying	arousal	and	valence.	Regardless	of	stimulus	category	 (e.g.	pleasant	 	 low	
arousal,	unpleasant	high	arousal),	both	bvFTD	and	avPPA	groups	showed	lower	SCR	values,	










image,	 whereas	 bvFTD	 and	 avPPA	 patients	 did	 not.	 In	 essence,	 those	 with	 FTD	 show	 a	
mismatch	between	implicit	and	explicit	emotional	salience	processing[57].		








the	arts	appears	 to	only	 take	 into	account	 responses	 to	music	or	MT,	with	no	 substantial	
research	 focusing	 on	 empirical	 measurement	 of	 physiological	 parameters	 in	 response	 to	











further	 at	 a	 6	 week	 follow	 up,	 while	 adrenaline	 and	 noradrenaline	 levels	 had	 increased	
significantly	after	4	weeks	but	returned	to	baseline	levels	at	a	6	week	follow	up[63].	It	has	also	
been	reported	that	MT	for	patients	with	AD	and	VD	led	to	significantly	decreased	levels	of	













A	 study	 comprising	 83	participants	with	CVD	and	dementia	 found	 that	 10	 sessions	of	MT	
significantly	decreased	plasma	levels	of	IL-6	in	those	receiving	the	therapy	relative	to	controls	
not	receiving	MT,	but	had	no	effect	on	plasma	TNF	levels.	In	addition,	plasma	adrenaline	and	
noradrenaline	 levels	 also	 significantly	 decreased	 for	 patients	 receiving	 MT	 relative	 to	
controls[67].	A	longer-term	study	over	the	course	of	two	years	for	people	with	moderate	and	
severe	 dementia	 (AD,	 CVD	 and	 Parkinson-type	 dementia)	 found	 that	mean	 saliva	 cortisol	
levels	decreased	 for	participants	 receiving	MT	and	 increased	 for	participants	not	 receiving	
MT.	However,	these	changes	were	not	statistically	significant[68].	This	lack	of	significance	may	
have	been	due	to	the	variation	 in	severity	of	 the	dementias,	as	 in	both	groups	those	with	
more	severe	cases	of	dementia	had	higher	cortisol	levels[68].	Additionally,	over	a	period	of	two	
years	it	would	have	been	difficult	to	control	for	other	external	factors	which	may	have	altered	
the	 levels	of	 these	biomarkers	 in	 individual	patients	 (e.g.	emotionally	significant	events	or	
other	health	issues).		More	recently,	a	larger	study	of	102	people	with	dementia	found	that	a	
6	 week	 MT	 course	 had	 no	 significant	 effect	 on	 salivary	 cortisol	 levels[69].	 There	 was	 no	
difference	 in	 cortisol	 levels	 between	 the	 control	 group	 receiving	normal	 care	 and	 the	MT	
group,	and	no	significant	difference	between	the	baseline	level	before	MT	and	the	level	at	the	
end	of	the	therapy[69].	Given	the	fact	that	both	interventions[68,69]	had	a	positive	effect	on	the	










as	 a	 result	 of	 the	 therapy-only	 sessions.	 Salivary	 testosterone	 was	 found	 to	 increase	
significantly	as	a	result	of	the	MT,	but	did	not	change	significantly	as	a	result	of	the	music-
only	or	therapy-only	sessions.	From	this,	 it	 is	suggested	that	MT	may	have	potential	as	an	













during	 MT	 relative	 to	 controls	 not	 receiving	 MT,	 but	 with	 the	 LF/HF	 ratio	 not	 changing	







of	 the	 MT	 group	 patients,	 the	 majority	 of	 whom	 also	 showed	 a	 decrease	 in	 depression	
according	to	a	neuropsychological	assessment,	suggesting	that	MT	may	have	increased	HRV	


























within	 dementia	 is	 currently	 very	 limited,	 such	 that	 there	 were	 only	 13	 papers	 that	met	
inclusion	criteria.	Of	these,	five	studies	had	no	non-arts	intervention	control	group[62,63,66,70,72],	
and	 another	 did	 not	 publish	 the	 physiological	 data	 which	 was	 collected	 during	 the	
intervention[76].	The	methodological	quality	of	the	studies,	as	assessed	by	the	PEDro	scale,	
also	varied.	This	may	be	related	in	part,	to	the	emerging	and	novel	nature	of	this	research	
area.	 Yet	 the	 studies	 reviewed	 all	 have	 been	 able	 to	 make	 contributions	 to	 an	 initial	





In	 terms	 of	 the	 outcomes	 measured,	 seven	 of	 the	 13	 papers	 measured	 a	 cardiovascular	
outcome[67,68,72,73,74,75,76],	 eight	 of	 the	 papers	 measured	 an	 endocrinological	





The	 papers	 detailed	 in	 this	 review	 differed	 in	 terms	 of	 the	 time	 course	 over	 which	 they	







effects	 of	 an	 intervention[63,64,65,68,69],	 although	 two	 studies	 did	 not	 report	 statistically	
significant	changes	in	this	context[68,69].Two	studies	used	endocrinological	measurements	to	


















published[76])	 tended	to	change	 in	 	 the	same	way.	Both	studies	measuring	salivary	cortisol	


















setting	 increases	 levels	 of	 cortisol	 and	 cortisone,	 whereas	 they	 decrease	 in	 a	 low-stress	
setting[48].		
In	people	with	dementia,	certain	types	of	music	have	even	been	found	to	produce	a	negative	
effect	 and	 increase	 the	 frequency	 of	 behavioural	 disturbances	 during	 the	 course	 of	 the	
therapy[77].	 Additionally,	 ‘interactive’	 MT	 sessions,	 during	 which	 the	 recipients	 are	
encouraged	 to	 sing	 and	 clap,	 have	 a	 greater	 effect	 on	 HR	 and	 HRV	 than	 ‘passive’	 music	






















state	 of	 ‘flow’[41]	 in	 dementia[80],	 for	 example	 the	 completion	 of	 jigsaw	 puzzles	 by	 SD	
patients[81].	 As	 the	 induction	 of	 this	 state	 during	 arts	 activities	 in	 healthy	 controls	 has	 a	
number	of	associated	physiological	changes[43],	similar	responses	might	be	expected	in	people	






of	 future	 studies	must	 also	 take	 into	 account	 the	 baseline	 physiological	 characteristics	 of	













small	 but	 significant	 ‘in	 the	moment’	 responses	may	 be	 hidden	 by	 data	 which	 has	 been	
averaged	over	time.	As	well	as	this,	the	same	physiological	response	may	result	from	a	variety	
of	 emotional	 responses.	 An	 increase	 in	 HR	 could	 be	 indicative	 of	 a	 positive	 feeling	 of	
excitement	or	a	negative	feeling	of	stress,	 likewise	 increases	 in	stress	hormone	levels	may	
indicate	positive	stimulation	rather	than	distress.	In	conditions	such	as	FTD	where	there	is	a	






changes	 in	mental	wellbeing	and	quality	of	 life.	 For	example,	decreases	 in	 IL-6	have	been	





kind	 of	 physiological	 outcome	 were	 reported[67,68],	 these	 changes	 were	 congruent	 in	
indicating	 these	 kinds	 of	 favourable	 shifts.	 	 Results	 like	 this	 demonstrate	 that	 arts	
interventions	 are	 genuinely	 beneficial	 for	 the	 recipients,	 and	 this	 benefit	 is	 seen	 to	 some	
degree	 in	 the	physiological	outcomes	measured.	Such	outcomes	do,	however,	need	 to	be	
investigated	 across	 different	 types	 of	 dementia,	 and	 the	 scope	 of	 the	 research	 in	 terms	










Another	 avenue	 for	 future	 research	 includes	 the	 genetic	 analysis	 of	 dementias,	 where	 a	
number	of	associations	between	genes	and	specific	traits	have	been	identified[84,85,86,87].	Given	
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